INTRODUCTION
Despite of making good progress in the medical field for diagnosis and treatment, cancer is still a big threat to our society. Breast cancer is the most common cancer among worldwide population. The most common malignancy among females, all over the world, is Breast Cancer (BC). BRCA gene mutations immensely increase the risk of developing breast cancer (BC) among women. World Health Organization (WHO) reported that the incidence of breast cancer is increasing by 2% per year. GLOBOCAN (WHO) reported that, in 2012, approximately 70218 women died in India due to breast cancer [1] . Near about 5-10 % of all BC cases and 10-15 % of all ovarian cancer (OC) cases are due to germline mutations in one of the two breast cancer susceptibility genes, BRCA1 and BRCA2 [2, 3] . Germline mutations in BRCA1 or BRCA2 pathogenic variants have up to an 87% risk of developing cancer, while males have up to a 20% risk [4] . A high proportion as 84 % has been reported in certain families [5] . BRCA proteins are involved in repair of DNA double strand breakage [6] . Loss of function in BRCA1 and BRCA2 genes is responsible for developing cancer. The mutations in both proteins also increase the risk of ovarian and prostate cancers [6] .BRCA mutation gene induce the lack of expression of estrogen, progesterone, and HER2 that define the biologically aggressive Triple Negative Breast Cancers (TNBC) subtype which shows a poor prognosis [7] . BRCA1-related tumors show higher histo logic grade, high number of metastatic lymph node involvement and are more likely to be estrogen receptor-negative and progesterone receptor-negative [8] . The BRCA1 and BRCA2 defective tumors has a specific pattern of genetic alterations required for tumor genesis. Tumor suppressor BRCA1 inhibits MYC's transcriptional and transforming activity. Loss of BRCA1 with MYC over expression leads to the development of breast cancer [9] . P53 mutation also play a role in the proliferation defect of BRCA1-or BRCA2-deficient tumor [10] . So, the BRCA1 mutations in ER and PR negative tumours have poor response to tamoxifen therapy [11, 12] . Prophylactic bilateral mastectomy decreasing the risk of developing BC by approximately 95 % of the patients with a BRCA1 mutation [13, 14] . There is recent evidence that oophorectomy is an effective primary prevention option but only for BRCA2-but not BRCA1-associated breast cancer [15] .
Studies support that role of progesterone signalling on the pathogenesis of breast cancer [16] .Considering the uncontrolled level of the BRCA1 mutation inducing breast cancer, it is important to identifying a novel target for chemoprevention. Exploring the mechanism BRCA associated breast cancer development should translate into targeted chemoprevention.
ER, PgR, and HER2/neu have proven to be very successful biomarkers that accurately predict benefit to treatment with tamoxifen and trastuzumab, respectively. However, it has proven more difficult to identify further biomarkers that could help predict response to specific chemotherapy drugs to tailor current chemotherapy regimens in an effort to gain maximum benefit with minimal exposure to unnecessary drugs. Despite this, we feel that there is some evidence to suggest that RANKL inhibitor could be useful as a chemotherapy agent against BRCA specific tumour. Clinical evidence to date has suggested an increased benefit from DNA damage-based chemotherapy for patients with BRCA1 germline mutations. There is currently insufficient evidence to suggest that RANLK inhibitor can be a good option for treatment particularly in BRCA positive patient's patients; however, we feel that the use of RANKL-inhibitor as a treatment option should be examined more fully in prospective clinical trials, not only in breast cancer but also in other cancers where BRCA1 seems to play a role in the development of the tumors such as ovarian, prostate, and non-small cell lung cancer.
RANKL/RANK
Receptor activator of nuclear factor (NF)-kB ligand (RANKL) is a protein that in humans is encoded by the TNFSF11 gene. RANKL is known as a type II membrane protein and is a member of the tumor necrosis factor (TNF) super family [17] . TNFRSF11 present in Chromosome no. 13 at a position of 13q14. The protein RANK consists of 317 amino acids and the molecular weight is 35478 Da. RANKL help to generate osteoclasts from their myeloid precursors [18] . RANKL receptor, Osteoprotegerin (OPG) inhibits osteoclasts and acts as a physiological regulator of bone resorption by maintaining the RANKL activity [19] . The molecular mechanism of RANKL, RANK and OPG open to treat osteoclast genesis and help in bone remodelling and repair, immune cell function, lymph node development, thermal regulation, and mammary gland development.
Receptor Activator of Nuclear Factor κ B (RANK), also known as TRANCE Receptor or TNFRSF11A. It is a member of the tumor necrosis factor receptor (TNFR). RANK is the receptor for RANK-Ligand (RANKL) and part of the RANK/RANKL/OPG signalling pathway. This pathway regulates osteoclast differentiation and activation. RANKL and its receptor RANK were initially characterized as essential factors for osteoclast genesis. The gene TNFRSF11A present in Chromosome no. 18 at18q21position. The protein RANK consists of 616 amino acids and the molecular weight is 66034 Da [20] . Interestingly, it binds to the clefts between the subunits of the TNFSF11 ligand trimer to form a heterohexamer. The bindings partners are TRAF1, TRAF2, TRAF3, TRAF5 and TRAF6. RANK is an essential mediator for osteoclast and lymph node development. Mutations at this locus have been associated with familial expansile osteolysis, autosomal recessive osteopetrosis, and Paget disease of bone.
RANKL/RANK/ OPG PATHWAY
The signalling pathway of RANKL/RANK is well describe by Raju et al. 2011 [21] . RANKL is expressed by bone stromal cells of the osteoblast lineage. It mediates bone resorption [22] . Cells of the osteoblast lineage or activated T cells express at least three different subtypes of RANKL [23] . Among them two subtypes remain on the cell surface showing the capacity to bind their TNFhomology domains. RANKL bind with RANK and promote the multinucleated osteoclast precursor cells [24] then its differentiated into mature osteoclastic cells. This cells became resistance to cell death by inhibiting apoptosis [25] . The osteoclasts then activated resorb bone [24] . The OPG then binds to RANKL and prevent RANKL from activating its receptor RANK. Hence, it inhibits the catabolic effects of RANKL. The osteoclasts formation and activation was eventually stopped. So, the bone volume, density and strength are increased. In this way the RANKL/RANK/ OPG play the role in maintenance of homeostatic bone remodeling. OPG directly binds to RANKL hence the relative balance of the two actors is important for the fragile system to properly function. This phenomenon concerning the interactions of OPG-RANK-RANKL led to the hypothesis that any dysregulation occurring in a disease state including postmenopausal osteoporosis or cancer-induced bone destruction may involve the described pathophysiology.
RANKL AND BREAST CANCER
From current research, it was established that the RANKL has a significant role to development of BRCA-associated breast cancer. RANKL and RANK both have roles in mammary gland development, mammary epithelial and stem cell proliferation, differentiation and survival. Progesterone receptor negative mice shows a similar osteoclast-independent effects on mammary morphology when compared to RANK or RANKL knockout mice [26] . RANK-/RANKL knock down mice shows dis functioning of lobulo-alveolar mammary epithelial structures which cause by the lactation defects. RANKL shows low expression levels in luminal and basal mammary epithelial cells. [27] . Normally at a mid-gestation pregnancy the lactation hormone level became high which massively increasing the breast milk producing cells. RANKL/RANK plays an essential rolein epithelial cell proliferation and cellular survival as well as lobulo-alveolar development [28] . These induces by a up regulation of RANKL expression.
The mammary gland is organized into two main cell typesnamely the luminal and myoepithelial lineage. Luminal cells can be subdivided into ductal and alveolar cells and are mainly responsible for the mammary secretion of fluids and nutrients. Myoepithelial lineage cells are located adjacent to the basement membrane can exert contractile functions, thereby guiding the milk through the epithelial tree. The mammary progenitor cells undergo proliferation and differentiation during each oestrus cycle. This stem cell numbers change during the course of each oestrus cycle, during pregnancy as well as during ageing, which is responsible for mammary gland to adapt to altered physiological states. Recent studies showed that RANKL inhibition significantly suppressed mammary tumorigenesis in BRCA1 mutated tumor [20, 30] . BRCA1 regulate genes that are critical for normal differentiation of luminal mammary epithelial cells. Tao et al. [31] shows that deletion of BRCA1 results in a reduced repopulating frequency, which established BRCA1 as a positive regulator of mammary stem cells. It has been found that genome variations within the RANK locus were significantly associated with risk of developing BRCA1 mutations related breast cancer. Progenitor cell expansion and tumorigenesis controlled by RANKL/RANK [30] . From these results, a preventive strategy can be undertaken for treatment of breast cancer patients with BRCA1 mutation. BRCA1mutation disrupt the mammary growth in response to exogenous progesterone in virgin mice [32] . Poole et al [33] showed that tumor development in Brca1/p53 deficient mice could be prevented by the PR signalling pathway. These findings highlight the potential value for RANKL inhibition in BRCA1-associated cancers at the early stages of tumorigenesis.
DISCUSSION
BRCA1mutation carrier have a probability of about 80% for developing breast cancer, and BRCA2 mutations carriers have a chance to developing breast cancer of about 85%. Currently invitro chemoprediction assays like Chemo Fx, MICK and EDR by different companies predict best chemoresponse of a cancer but do not take into account the genetic and signalling behaviour of cells. Currently in some third world countries, the status of BRCA1 and 2 are not well defined and some publications indicate the presence mutations other than the founder mutations in the specific population. We constantly seen on-responders to chemo-therapy and hypothesize that BRCA 1 and 2 mutation statuses will give us a clear idea about chemo-sensitivity of a patient. Information pertaining to chemo-response will go along way in managing breast cancer patients. Improvements in the treatment of breast cancer over the last few decades mean that overall mortality from the disease is falling [34] . However, despite these improvements, near about 40% of women diagnosed with metastatic cancer and eventually die. Besides surgery, this is to very important to determine which women will gain benefit from adjuvant therapies such as chemotherapy, radiotherapy, and hormonal therapies. Presently, treatment decisions are made based on histopathological tumor characteristics. Metastatic triple negative breast cancer is incurable; as because the main targets (ER/PR/Her2neu) to treat the disease is absent. There are many different treatment options available for women with metastatic disease, including chemotherapy, radiotherapy, and hormonaltherapy, and it is essential to give treatments that provide maximal benefit. Molecular markers currently used to predict treatment response in both early and metastatic breast cancer include estrogenreceptor (ER), progestogen receptor (PgR), and HER2/neu. It has been reported by Metcalfe et al. in 2008 [35] that only 5.5% of women suffering from breast cancer with a BRCA1 or BRCA2 mutation have used tamoxifen to reduce the risk of developing breast cancer. Till now most of the individuals at risk depends on screening for the early detection of breast cancer. The advantages and disadvantages of prophylactic hysterectomy have to be discussed in details with patients. Vicus et al. in 2009 [36] have reported in his study that in patients with BRCA1mutation and with a history of breast cancer, treatment with tamoxifen does not increase ovarian cancer risk. Fong et al. in 2009 [37] and Tutt et al. in 2010 [38] established in their clinical research study that PARP1 and PARP2 inhibitor is effective in treating advanced breast and ovarian cancer patients with BRCA1/2 germline mutation as well as in advanced breast cancer patients with BRCA1/2 mutations. A number of clinical trials are currently ongoing with the use of various PARP inhibitors, both as single agents and in combination with chemotherapy, for both hereditary and sporadic breast and ovarian cancer. None of these have proven reproducible enough to be used inroutine clinical practice; therefore, the search to find the chemotherapeutic agent that will the drug of choice to treatment of BRCA mediated breast cancer continues. Recent studies [29] reported that when RANKL inhibitor like denosumab is used, the proliferation of organoids derived from BRCA1-mutation carriers was significantly reduced. After transplantation of mammary tumour in a mouse model, Nolan et al. [29] identified a significant RANKL-dependent reduction of tumour incidence. Denosumab, a monoclonal RANKL-blocking antibody was developed to treatment of osteoporosis. This can be used as a RANKL inhibitor for BRCA mutated breast cancer also. Apart from denosimab, new RANKL inhibitor need to identified which will be a future drug to treatment of BRCA related breast cancer.
CONCLUSION
As no standard drug exist to predict chemo-response in BRCA mutated patients, the RANKL can open up exciting determinants of therapeutic modalities. Upfront prediction of responders and nonresponders to defined drugs will enable clinicians to design therapy module according to the need of the patient, there by reducing unnecessary toxicity generated from non-working drugs, increase in time to recurrence, progression free survival and overall survival. The RANKL inhibitor may also point the way to new chemotherapeutic strategies targeting BRCA1-mediated pathways that participate in cancer cell death or an improved response to conventional treatments. Women with high risk group for developing breast cancer can be controlled using such drug. Determination of efficacy of denosumab in BRCA1-mutation carriers in clinical trials is need to be essential on urgent basic. The emerging role of aberrant RANK-signalling proved that RANKL inhibitor will be a promising drug to prevention of breast cancer in near future. It can also help to treat the Triple Negative Breast Cancer (TNBC) who containing BRCA mutation. RANKL inhibitors can reduce recurrence and metastasis in breast cancer patients based on its ability to induce tumor cell differentiation. Patients may quickly benefit from this therapeutic strategy to combat advanced breast cancer.
